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Abstract—For an autonomic power lines inspection robot the
energy harvesting system and communication systems are being
developed. In this paper the energy harvesting based on toroidal
split core current transformer is described. The maximal output
power is depend on the current in power line, the transformer
core geometry and other factors. The results from the testing and
measuring of the current transformer are presented. Also the
structure of the communication system is described.
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I. INTRODUCTION

For increase the reliability and security of the electricity
transmission network backbone the condition of the power
lines must be monitored and controlled. For this purpose the
inspection robot is being developed. The inspection robot
should be able monitor the condition of power line parts such
as conductors, insulators, connecting elements and so on. For
high work efficiency the robot must be able to overcome long
distance without the operator intervention. For that reason is
necessary to harvest energy directly from the power line
conductor.

The inspection robot must be able to communicate with the
operator. For systems of the inspection robot several
communication channels and buses are used. These are
designed for communication between subsystems of the robot
and for communication with the operator. The communication
system enables sending the system status information (e.g.
battery state, temperature, battery charging or discharging
current and so on) and information from the power lines
monitoring sensors.

II. THE ROBOT SUPPLY SYSTEM

A. Structure of the robot supply system

The main source of energy is a Li-ion battery. For battery
charging the energy harvesting system is use. This system
consists of the toroidal split core current transformer, rectifier
and DC-DC converter.

This paper includes results created within the project TH02020319 and
SGS-2018-001. The projects are subsidized by the Technology Agency of the
Czech Republic, and the Ministry of Education, Youth and Sports from the
European Regional Development Fund and resources of the state budget of
the Czech Republic.
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Fig. 1. Structure of the robot supply system.

The secondary voltage of the current transformer is
rectified and converted by the DC-DC converter. DC-DC
converter implements the MPPT (Maximum Power Point
Tracking) algorithm. Other robot subsystems are supplied by
the power management system. The block diagram of the robot
supply system is shown in Fig. 1.

B. Current transformer

The current transformer is key part of the robot supply
system. The Core volume and geometric arrangement
determine maximum achievable output power. The transformer
weight and conductor dimensions are limiting factors for
transformer size. Based on the theoretical analysis (e.g. [1]-[6])
a prototype of a current transformer was designed. To insert
and remove the transformer on the conductor and to overcome
obstacles on the power line (e.g. insulator, connecting elements
and so on) the transformer core is split. For experimental
purposes the current transformer has two separate windings (10
+ 20 and 20 + 20 turns). The current transformer placed in
plastic housing is shown in Fig. 2.
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Fig. 2. The current transformer placed in housing.

The core outer diameter is 82 mm, inner diameter is 45 mm,
and core length is 70 mm. The core weight (without the
housing) is 1.8 kg.

III. THE CURRENT TRANSFORMER MEASUREMENT

In order to obtain information about the behavior of the
proposed current transformer, measurements were carried out.
It was also necessary to determine the optimum number of the
secondary turns.

A. Experimental measuring assembly

Perform measurement on the really power line is not
possible for safety reason. For this reason an experimental
measuring assembly was assembled. The experimental
measuring assembly simulates the current in the power line.
The measuring assembly consists of 3-phase DC-AC convertor
loaded by resistors. There is the current transformer on one
phase conductor. The current transformer is loaded by variable
resistor. The transformer secondary voltage and current are
measured. The measuring assembly block diagram is shown in
Fig. 3. On this measuring assembly was measured volt-ampere
characteristics and output power dependency on the primary
current. In Fig. 4 is a photograph of the real measurement
assembly.

Vi
Measurement

Fig. 3. The measuring assembly block diagram.

Fig. 4. The real measuring assembly.

B. Measurements results

The maximum power depends on the primary current (i.e.
the current in the power line conductor). The load characteristic
was measured for different primary current values.

For primary current in range from 20 to 100 A and for
different number of secondary turns the load characteristics
were measured. The measured load characteristics are placed
into one graph for comparison. The graph is shown in Fig. 5. In
Fig. 6 the output power for different number of primary turns
and different primary current is shown.
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Fig. 5. The current transformer load characteristics.

Output power characteristics
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Fig. 6. The current transformer power characteristics.
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Output power characteristics for 50 turns
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Fig. 7. The current transformer power characteristics for 50 turns of
secondary winding.

As can be seen from the Fig. 5 the maximum output power
(at the constant primary current) can be achieved at optimum
load of the current transformer. With respect to the expected
primary current and optimal secondary voltage the 50 turns
secondary winding seems to be the most appropriate. The
output power dependency for 50 turns winding is shown in
Fig. 7.

IV. DC-DC CONVERTER

The current transformer secondary voltage is rectified and
filtered and applied to the input of DC-DC convertor. Also an
overvoltage protection is included. The secondary voltage
depends on the transformer load and primary current. The DC-
DC converter must be able to increase or decrease the input
voltage. The simplified diagram of used DC-DC converter is
shown in Fig. 8. This topology is known as a buck-boost
converter.

In Fig. 7 can be seen the maximum power points for
different value of the primary current. Maximum power can be
achieved at a certain secondary voltage. However, for different
primary currents this voltage is different. For this reason is
necessary to use MPPT (Maximum Power Point Tracking)
algorithm for DC-DC converter controlling. The DC-DC
converter changes the load for the current transformer and
tracks the maximum power point.
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Fig. 8. The simplified diagram of buck-boost converter topology.

V. COMUNICATION SYSTEM

For the autonomic power line inspection robot is used
several communication buses and protocols as shown in Fig. 9.
The core of the robot is a central control computer that will
communicate with other electronic units through the CAN bus.
It includes the communication with the charging and power
supply unit. This unit sends information about the battery
status, charging/discharging current and consumption of the
whole robot. Next CAN connected is a drive control unit that
controls the movements of the robot. IP cameras and combined
LTE/Wi-Fi modem are connected with the central computer by
an Ethernet bus.

The primary communication channel to the internet is LTE
connection. The Wi-Fi connection is used only as a backup.
The modem tries to establish a secure VPN connection to a
central server. An operating data are periodically stored in the
central server. A control application on this server enables to
send commands to the robot. Also a visualization interface
designed as WWW pages running in the server.

VI. THE TEST ASSEMBLY

For real testing of designed energy harvesting and
communication system the test assembly was build. The test
assembly consists of the split core current transformer, DC-DC
converter, small battery pack and dummy load for
measurement achievable power on real power line. Also the
modem for communication is placed in testing assembly. The
test assembly is shown in Fig. 10.

Before placing the test assembly on real power line the
immunity to the strong electric field was tested in a high-
voltage laboratory. During this testing also the functionality of
the communication system near the strong electric field was
verified. After these tests the test assembly was hanged on a

real power line.
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Fig. 9. The block diagram of the robot communication system.
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Fig. 10. The test assembly.

VII. TESTING ON THE REAL POWER LINE

After laboratory testing the test assembly was tested on the
real power line. The testing was carried out on a 110 kV power
line. On the power line was testing the functionality of the
whole assembly. The batteries were charged by the DC-DC
converter with current transformer. The operating data was sent
and stored to the server. The demonstration of the web
interface with data stored during real testing is shown in
Fig. 11.
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Fig. 11. Demonstration of data recorded on real power line 110 kV.

VIII. CONCLUSION

The solution of power line energy harvesting by using split
core current transformer was the goal of this work. The current
transformer with toroidal split core was designed and made.
The measurements for this transformer were carried out under
laboratory conditions. The maximum power that can be
obtained exceeds 90 W at 200 A power line current. Next was
designed the test assembly for testing on the real power line.

The testing assembly consists of the DC-DC converter,
battery pack and communication system. First the test
assembly was tested for resistance to strong electric field.
Then the real testing on 110 kV power line was carried out.
During this testing was verified the functionality of energy
harvesting system and communication system under real
conditions. The real test lasted two weeks. The maximal
output power is depend on the current in power line and is
variable. All the time the test assembly was able to charge the
batteries.

The measured data was sent and save to the server and on
the local FLASH memory. After testing the memory data and
server data was compared. No difference between data from
FLASH and sent data was found. It suggests that there was no
communication problem during the test.
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